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Available online 26 September 2014AbstractObjectives: The purpose of this study was to evaluate and compare the clinical performances of two different posterior composites
in Class I restorations.
Methods: In twenty patients a total of 40 Class I cavities were restored with a nanohybrid composite (Tetric EvoCeram) and a low
shrinkage composite (Filtek™P90), using their self-etch adhesives. The restorations were clinically evaluated 1 week after
placement as baseline, 6, 12 and 18 months post-operatively using modified USPHS criteria by two previously calibrated operators.
Statistical analysis were performed using Pearson Qui square and Fisher's Exact Test (P < .05). Replicas were taken to the restored
teeth under investigations at each recall period and gold sputtered, to be examined under the SEM.
Results: Lack of retention was not observed in any of the restorations. With respect to marginal discoloration, marginal adaptation,
secondary caries and surface texture, no significant differences were found between two restorative materials tested after 18 months
(P > .05). Regarding the surface roughness, no statistical significant difference was recorded, however it was recorded that the
results obtained by the tested silorane-based composite were slightly higher. This observation was repeated in describing the % of
marginal discoloration of both group I and II at different follow up periods .The difference between both groups was not signif-
icance. Restorations did not exhibit post-operative sensitivity at any evaluation period. Concerning the data collected from SEM
images no significant difference was recorded comparing both groups at any of the evaluation periods.
Conclusions: Clinical assessment of Tetric EvoCeram and Silorane composites exhibited acceptable results.
© 2014, Production and Hosting by Elsevier B.V. on behalf of the Faculty of Dentistry, Tanta University.
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Patient demand for tooth colored restorations and
desire for minimally invasive restorations have made
posterior composites an indispensable part of the
restorative process instead of amalgam [1].
Many clinician have used this class of materials
quite successfully during the last 10 years in posteriorthe Faculty of Dentistry, Tanta University.
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able dental composites are based on methacrylate
chemistry, and volumetric shrinkage still remains a
major drawback, this can result in gap formation at the
tooth restoration interface causing microleakage,
permitting the passage of bacteria and oral fluids
resulting in post-operative sensitivity, pulpal inflam-
mation, and secondary caries [3]. Polymerization
shrinkage may also generate stresses that can lead to
cusp deflection, lack of appropriate contact and
debonding at the composite/tooth interface leading to
postoperative pain [4].
Investigators across the globe are researching new
materials and techniques that will improve polymeri-
zation shrinkage and thus the clinical performance. In
addition to handling characteristics, mechanical and
physical properties of composite resin restorative ma-
terials and placing thicker adhesive layers under the
composite [5] and using an incremental placement
technique [6] or the use of low-modulus intermediate
layers are just some manipulations suggested to
reduced shrinkage stress for a given composite mate-
rial at the composite/tooth interface [7]. Other factors
also can be considered, for example, the cavity
configuration factor (C-factor) which describes theTable 1
Material used in the present study.
Material Composition
Filtek silorane P90.
(silorane based
composite)
BIS-3,4-Epoxy cyclohexylethyl-phenyl-methylsila
hexyl cyclopo lymethyl siloxane silanized ,Quartz
(0.1e2 mm,55 vol%1).
LS (low shrinkage)
Adhesive
Self-etch primer: Phosphorylated methacrylates, v
bisphenol A diglycidylmethacrylate (BisGMA), h
methacrylate.
(HEMA), water, ethanol, silane-treated, silica, fill
stabilizers.
LS Bond: Hydrophobic methacrylates, phosphory
triethylene glycol dimethacrylates (TEGMA), sila
filler, initiators, stabilizers
Tetric EvoCeram
(methacrylate
baesd composite)
Dimethacrylate, additives, catalyststabilizers, pigm
(Barium glass filler, ytterbium trifluoride, mixed o
AdheSE adhesive Primer: Phosphonic acid acrylate Bis-acrylamide
stabilizers.
Bond: Dimethacrylates Hydroxyethyl methacrylat
silicon dioxide, Initiators and stabilizers, Activato
Epoxy resin Epon.
(Resin and hardener)
Resin: bisphenol a and epichlorohydrin.
Hardener: Cycloaliphatic curing agents an ammon
hydrogen atoms.ratio of bonded surfaces to unbonded surfaces in a
restoration. With the use of bonded shrinking poly-
meric materials, high C-factors are accompanied by
greater internal stresses [8,9].
Silorane, a new class of ring-opening monomers
were synthesized to overcome these problems. This
new type of monomer is obtained from the reaction of
oxirane and siloxane molecules with a volumetric
shrinkage determined to be 0.99 volume percent
[10,11].
The novel resin also considered to have combined
the two key advantages of the individual components:
low polymerization shrinkage due to oxirane monomer
and increased hydrophobicity due to the presence
siloxane species in its composition promoting the
insolubility of the material in the presence of oral
fluids [12].The mechanism of compensating stress in
this new system is achieved by opening and extending
of oxirane rings during polymerization to compensate
volume reduction by monomer packing [13].
Some laboratory findings which should be sub-
stantiated by clinical investigations recommended that
silorane-based composite reduce shrinkage stress Since
they have been shown to shrink less thus incremental
layering, may be no longer needed .However regardingManufacturer Batch no.
ne 3,4-Epoxy cyclo
, yttriumfloride
3M ESPE,
Seefeld-Germany
www.3MESPE.com
N138860
itrebond copolymer,
ydroxyethyl
er, initiators,
lated methacrylates,
ne-treated silica
3M ESPE,
Seefeld-Germany
www.3MESPE.com
20090609
ents inorganic filler
xide, prepolymers).
IvoclarVivadent,
Schaan,
Liechtenstein
www.ivoclarvivadent.com
L39741
.Water Initiators and
e, Highly dispersed
r Solvent Initiators.
IvoclarVivadent, Schaan,
Liechtenstein
www.ivoclarvivadent.com
G 05739
ia with one or more
Chemical Industries
for construction,
CIC, Egypt
www.cic-polymar.com
EVERFIX
(#100642, 100643)
Table 2
Marginal integrity coding of part Mmicromorphologic criteria (CPM)
index.
Marginal integrity coding Description
0 Perfect margin
1 At least 2/3 of the margins are perfect
2 1/3 to2/3 of the margin are perfect
3 Less than 1/3 are perfect
3 T&F hybrid point's kit, shoufo Inc. Japan.
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erate to large posterior composite restorations, have
higher failure rates, more recurrent caries, and
increased frequency of replacement [14].
The present study was conducted to test the hy-
pothesis that silorane low shrinkage restorative mate-
rial would improve the 18 month clinical performance
of the composite restoration in class I compared to a
nanohybrid composite resin.
2. Materials and methods
The materials used in the study are listed in Table 1.
This study was conducted on 20 patients of age
20e40 years old selected to participate according to
inclusion criteria. All patients were informed of the
details and steps of the research and a written consent
was signed. Each patient received at least one pair of
restoration. Restorations were randomly distributed
intraorally to eliminate variables such as tooth type and
position.
2.1. Inclusion criteria
1. Presence of permanent molars requiring treatment of
class I primary carious lesions.
2. Having at least one neighboring tooth and occlusion with
an opposing tooth.
3. Possibility for application of rubber dam during
operation.
Patients with poor oral hygiene, pathological pulpal
involvement, heavy bruxism habbits, periodontal
problems or extrinsic staining of teeth were excluded.1
A total of 40 teeth (20 pairs) were restored using
two restorative materials each with its recommended
adhesive system and classified into two groups:
Cavosurface margins. The deep spots whenever
found at the floor of the cavity were covered with
Dycal Calcium Hydroxide Liner.2
Group I:- Restored with a nanohybrid resin com-
posite Tetric EvoCerame and a self-etch adhesive
(AdheSE).
Group II: - Restored with a Silorane low shrinkage
posterior composite Filtek™p90 and Silorane system
adhesive.
Appropriate local anesthesia has been achieved
preoperatively unless declined by the patient .The teeth
were completely isolated by rubber dam and class I
cavity were prepared with round inner angles using a1 Comet, USA.
2 Dentsply Caulk, USA.245 bur.3 The outline form depend on the caries
extension, no further extension were performed to
obtain a conservative cavity, without any beveling to
the.
All cavities were cleaned with warm water
completely isolated with rubber dam and gently dried.
The adhesive of each type of composite was applied
according to the manufacturer's instructions. The
composite was then condensed incrementally (2 mm-
thick layers) and light cured for 40 s for each incre-
ment using OPTILUX400 halogen light curing unite.4
A post occlusal adjustment and finishing were per-
formed with fine grit diamond bur. Polishing was
performed using rubber points.5
Clinical evaluations were done by two independent
evaluators ( not included the authors), use the operating
light, using new flat surface mouth mirrors and dental
explores at one week (baseline), after 6 month,12 and
18 month intervals by the USPHS. Surface roughness,
marginal integrity, marginal discoloration and recur-
rent caries. For secondary caries detection bitewing
radiographs were also taken at every recall .Thermal
and electrical sensitivity testing were recorded at each
follow up period [15,16].
Restorations were scored as follows: Alpha repre-
sented the ideal clinical situation; Bravo was clinically
acceptable; Charlie was clinically unacceptable situa-
tions where the restoration had to be replaced.
2.2. Replica procedures
Polysiloxane impressions were taken to the restored
teeth under investigations at each recall period .The
impressions were then poured with epoxy resin (Epon).
These replicas were gold sputtered, to be examined
under the SEM6 initially at 10e12 magnification
for localization of all margins of restoration and then at
higher magnification which range from 50 to 5004 3M ESPE, USA.
5 Enda dental polishers, Liechtenstein.
6 JSM-5300 scanning microscope, JEOL, Peabody, MA, USA.
Table 3
Scoring % of marginal integrity (adaptation) for GP I & GP II at different follow up periods.
Parameters Baseline no. 10 6 Month no. 10 12 Month no. 10 18 Month no. 10 Friedman test P value
No. % No. % No. % No. %
GP I
Alpha 10 100 9 90 7 70 6 60
Bravo 0 0 1 10 2 20 2 20 0.6 0.89
Charlie 0 0 0 0 1 10 2 20
Delta 0 0 0 0 0 0 0 0
GP II
Alpha 10 100 9 90 7 70 7 70
Bravo 0 0 1 10 3 30 2 20 0.22 0.97
Charlie 0 0 0 0 0 0 1 10
Delta 0 0 0 0 0 0 0 0
Fisher's exact e
P value e 1 0.84 0.83
Table 4
Scoring % of surface roughness for GP I & GP II at different follow up periods.
Parameters Baseline no. 10 6 Month no. 10 12 Month no. 10 18 Month no. 10 Friedman test P value
No. % No. % No. % No. %
GP I
Alpha 10 100 8 80 7 70 6 60
Bravo 0 0 2 20 3 30 3 30 0.22 0.97
Charlie 0 0 0 0 0 0 1 10
Delta 0 0 0 0 0 0 0 0
GP II
Alpha 10 100 9 90 9 90 8 80
Bravo 0 0 1 10 1 10 1 10 0.07 0.99
Charlie 0 0 0 0 0 0 1 10
Delta 0 0 0 0 0 0 0 0
Fisher's exact e
P value e 1 0.33 0.64
Table 5
Scoring % of marginal discoloration for GP I & GP II at different follow up periods.
Parameters Baseline no. 10 6 Month no. 10 12 Month no. 10 18 Month no. 10 Friedman test P value
No. % No. % No. % No. %
GP I
Alpha 10 100 9 90 8 80 7 70
Bravo 0 0 1 10 2 20 2 20 0.22 0.97
Charlie 0 0 0 0 0 0 1 10
Delta 0 0 0 0 0 0 0 0
GP II
Alpha 10 100 10 100 9 90 9 90
Bravo 0 0 0 0 1 10 1 10 0 1
Charlie 0 0 0 0 0 0 0 0
Delta 0 0 0 0 0 0 0 0
Fisher's exact e
P value e 0.49 1 0.40
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Table 6
Scoring % of recurrent of caries for GP I & GP II at different follow up periods.
Parameters Baseline no. 10 6 Month no. 10 12 Month no. 10 18 Month no. 10 Friedman test P value
No. % No. % No. % No. %
GP I
Alpha 10 100 10 100 10 100 9 90
Bravo 0 0 0 0 0 0 1 10 0 1
Charlie 0 0 0 0 0 0 0 0
Delta 0 0 0 0 0 0 0 0
GP II
Alpha 10 100 10 100 10 100 10 100
Bravo 0 0 0 0 0 0 0 0 0 1
Charlie 0 0 0 0 0 0 0 0
Delta 0 0 0 0 0 0 0 0
Fisher's exact e e e
P value e e e 0.50
Table 7
Scoring % of marginal integrity for restoration of GP I & GP II according to part M micromorphologic criteria of marginal adaptation.
Parameters Baseline no. 10 6 Month no. 10 12 Month no. 10 18 Month no. 10 Friedman test P value
No. % No. % No. % No. %
GP I
0 9 90 8 80 8 80 7 70
1 1 10 1 10 1 10 2 20 0.07 0.99
2 0 0 1 10 1 10 1 10
3 0 0 0 0 0 0 0 0
GP II
0 9 90 9 90 8 80 8 80
1 1 10 1 10 1 10 1 10 0 1
2 0 0 0 0 1 10 1 10
3 0 0 0 0 0 0 0 0
Fisher's exact
P value 1 1 1 0.80
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ration [17].
The replicas were carefully coded according to part
M (Micromorphologic criteria) of CPM index (photo-
graphic and micromorphologic coding of posterior
composite restorations evaluation) presented in Table 2
[18] by using Image J 1.34 software7 [19].
3. Results
The data of each tested criterion at the different
clinical follow up periods were collected, tabulated and
statistically analyzed using the percent of different
scores for the qualitative data. Statistical analysis
among different evaluation periods for each group was
performed using Friedman test to investigate the time
effect. Chi- square test, or Fischer' s exact test was also7 National Institutes of health, Bethesda, MD, USA.performed to check the significant difference between
tested groups.
Concerning the marginal integrity Table 3, it was
obvious that neither the time factor nor the tested
material type were significantly effective. Both groups'
recorded clinically comparable results after 18 month
follow up. Regarding the surface roughness presented
at Table 4, no statistical significant difference was
recorded, neither when Friedman tests nor Fischer's
exact test were used. However it was recorded that the
results obtained by the tested Silorane based composite
group (II) were slightly better than those obtained at
group I.
Table 5, the percent of marginal discoloration of
both group I & II at different follow up periods .Group
II recorded better results for marginal discoloration
compared to group I at all tested follow up periods.
Although the difference between both groups was
insignificant.
Fig. 1. Clinical picture (a) and SEM image (TetericEvoCeram)
represent score (0) according to part M micromorphologic criteria of
marginal adaptation (b) topographical SEM of oclusal restoration of
second molar (c) represent part of the tooth restoration
interface(arrow).
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sented. One case recorded in group I Bravo score at 18
months.
However the time factor was still insignificant
regarding both tested groups.
Collectively, clinically none of tested restorations
nanohybride and low shrinkage exhibited postoperative
sensitivity at any evaluation period. Also all clinical
findings of Ryge criteria with respect to marginal
discoloration, marginal adaptation, secondary caries
and surface roughness demonstrated acceptable clin-
ical performance.
Concerning the data collected from SEM images,
represented in Table 7, no significant difference was
recorded comparing both groups at any of the evalua-
tion periods. i.e. the type of material used was not
effective which was resembled obviously at the data
collected after one year follow up. Also the time factor
was not effective showing no significant difference
after 18 month follow up neither for group I nor for
group II.SEM representative samples of the recorded
scores (0,1 and 2 ) was presented in Fig. 1(a, b, c),
Fig. 2(a, b, c) and Fig. 3(a, b, c).
4. Discussion
Resin composite technology has undergone major
developments over the last two decades. USPHS sys-
tem has served well for clinical evaluation of restora-
tions, there are some concerns about the sensitivity of
the approach in short term clinical evaluation [16,20].
However, this system is still being used in the clinical
researches to compare these finding with the previous
one that utilize the same system. The current study was
extended for a period of 18 months follow period,
Burke et al. [21] suggested that one and two year
evaluations may be considered to provide timely in-
formation on the performance of the restorations ,
particularly in catastrophic failure and may be
considered appropriate for newly introduced materials
such as that used in the present study [16].
It was concluded that loss of restorations, defective
marginal adaptation and presence of secondary caries
are predictors of the failure of posterior resin based
composites and the reason for the replacement of the
restoration [22] .
Marginal adaptation in the present study was also
evaluated using replicas under SEM to demonstrate the
micromorphologic features of the restoration. Marginal
gaps were seen evident with a Charlie score seen
starting at 6 months for Tetric EvoCeram which was
more accurate compared to clinical evaluation using
Fig. 2. Clinical picture (a) and SEM image Silorane composite
(Filtek™P90), represent score(1) according to part M micro-
morphologic criteria of marginal adaptation (b) topographical SEM
of oclusal restoration of first molar (c) represent part of the tooth
restoration interface(arrow).
Fig. 3. Clinical picture (a) and SEM image represent score(1) ac-
cording to part M micromorphologic criteria of marginal adaptation
(b) topographical SEM of oclusal restoration of second molar (c)
represent part of the tooth restoration interface(arrow).
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cally difficult to assess and to distinguish between
gaps, wear, overfilling/under filling also difficulties
were found to discriminate between very small
discrepancies.In the present study none of the restorations in both
groups was lost or needed replacement throughout the
period of study. The findings of this study were similar
to the results of other clinical studies with the same
evaluation periods [23,24].
Only one restoration in group I was observed with
secondary caries at 18 months recording a bravo score.
This case did not need replacement, it was only repaired
and the caries was found at the outer distal margin of the
cavity, no indication of presence of caries below the
restorations [21]. Some authors reported that develop-
ment of secondary caries is not only due to the material
137M. El-Eraky et al. / Tanta Dental Journal 11 (2014) 130e138itself but clinical environment, caries experience of
patients, criteria for replacements, different handling
characteristics or all appeared to affect clinical results
[25,26]. However group II showed no caries which
confirmed the results of Burke at al [21].
Evaluation of restorations of both tested groups
showed that all cases using silorane composite was
clinically acceptable concerning marginal adaptation
while only one restoration was graded as unacceptable
with a Charlie score at 18 months. This agreed with
previous researches who demonstrated that evaluation
of the composites during initial periods of evaluation
depictedminor changes compared to the baseline [27,7].
The inclusion criteria in the present study might
also had an effect on the outcome of the results as
Conservative class I cavity preparations were selected
which exhibited a high C factor (5/1). It has recently
been demonstrated that it is in larger, rather than
smaller, class I cavities that the effect of the so called
configuration factor may be most relevant which might
explain limited loss of adaptation at the cavity margins
of both materials [28].
The effect of type of tested materials was investi-
gated currently, showing no significant difference at
any of the follow up periods concerning any tested
criteria, denied the hypothesis that silorane technology
provides lower polymerization shrinkage and later
polymerization stresses than methacrylate resin based
composites, which must produce a significant differ-
ence in the clinical performance. This was the cause
currently showing the same relation between marginal
discoloration and integrity, indicating that the clinical
performance of silorane-based composite resin was
similar to that achieved with methacrylate resin, this
comes in accordance with Castro et al. [32]. As a
conclusion most of the restorations maintained good
quality and clinically acceptable results during this
short term observation period. However, further eval-
uations are necessary for long-term clinical perfor-
mance of the studied materials and Confirmed by
Schmidt et al. [30] , who concluded that no clinical
significance between reductions in polymerization
shrinkage was demonstrated in the laboratory [29].This
controversy may be related to difference in material
composition where Castro et al. [32] stated that the
difference in material composition has great effect on
the behavior and clinical performance of restorative
materials.
Van Meerbeek et al. 1993 concluded that marginal
adaptation is directly influenced by the type of com-
posite resin used [30]. This was supported by the
present results explained by the conclusion of othersstating that polymerization proceeds to the post-gel
state, some viscous deformation is still available, but
it's not enough to counter balance setting shrinkage and
thus stresses are generated [31]. Silorane exhibited
delay in the attainment of the gel point under the same
curing conditions as dimethacrylate-based composites.
Where this was explained Silorane exhibited lesser
microleakage compared to methacrylates. This agreed
with Castro et al., [32] who mention that silorane-
based composite resin could be a promising alterna-
tive for class I restorations.
This was explained by the data recorded for surface
roughness of the restorations; silorane group showed
clinically acceptable surface roughness. Comparable
results were reported by Burke et al., [21] and Jamini
et al., [34] who found that silorane exhibited clinical
acceptable ,whereas nanohybrid composite recorded
higher surface roughness after finishing and polishing.
This might be explained to exfoliation of the large
glass filler particles from matrix during polishing
procedures. Another findings stating that assessment
alpha is given to a surface as enamel, its knowing that
is no material replace all the qualities of the enamel
and this especially applies for its smooth, polished
surface [33].
The currently tested marginal discoloration was
better for silorane based composite. Clinical evidence
of areas of discoloration appear along a margin inter-
face may be a collection of surface stain at the margin
area or it can penetrate into the interface, demon-
strating more of a shadow or undermined effect.
Penetration stain may be the first sign of incubating
debris that contain cariogenic bacteria with the po-
tential to initiate an active carious wall lesion at the
interface. In most cases this stain accumulation is
associated with a margin defect, creating a gap be-
tween the cut tooth and the restorative material [35].
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